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SUMMARY AND IITRODUCTION-
This document is presented as an extension of several similar 
internal notes which have been published as an aid in general 
mission planning (ref. I through 5). Since these earlier internal 
notes consider only circular and low elliptic orbits, it was 
thought desirable to publish a similar study on high elliptic orbits. 
Therefore, this document considers elliptic orbits with perigees up
 
to 200 n. mi. and apogees up to 10 000 n. mi. For each orbit
 
considered, various retrofire AV's were used every 100 in true
 
° anomaly from O to 3600. Also, retrograde pitch angles of 00, 100, 
200, 300, 400, and 500 were used for each ZV. 
MATHEMATICAL MODEL
 
Keplerian equations, a spherical rotating earth, and instantaneous
 
velocity changes were used in this study. The Keplerian solutions
 
were obtained from a general elliptical orbit and reentry program, 
E042. A reentry altitude of 400 000 ft and a circular earth with 
a radius of 20 907 447 ft were used. Beta angles are measured
 
positive clockwise from the local horizontal as indicated in the
 
figure below.
 
VB 
~+
 
v 1T-X Body ai 
2 
DISCUSSION OF RESULTS
 
The results of the study are presented in 43 figures of inertial 
velocity at 400 000 ft, inertial flight-path angle at 400 000 ft, time 
from retrofire to 400 000 ft. and central angle of travel (orbit 
referenced) from retrofire to 400 000 ft. All of these parameters ate 
plotted as a function of true anomaly of retrofire. The various pitch
 
angle curves are found on each plot. A complete set of figures is
 
provided for each orbit and AV considered.
 
It should be noted that for the orbits -with apogees less than 
1000 n. mi., ,nV's of from 100 fps to 700 fps were used, while AV's 
from 100 fps to 2100 fps were used for the orbits with apogees from 
2000 n. mi. to 10 000 n. mi. This was done in order to present the 
most valuable picture of reentries throughout the entire orbit without 
using unrealistic AV's for the orbit being considered. However, for
 
the higher apogees, AV's of 2100 fps were still not sufficient to
 
reenter from the perigee region. Therefore, figures 43 (a) through (e)
 
were prepared to indicate the 6V's needed in this region.
 
The figures present the minimum LV needed at perigee to achieve a
 
reentry. There is a figure for each perigee altitude considered in
 
the document, and the apogee altitudes are used as the parameter which
 
5V is plotted against. Thus, for any of the orbits in this document,
 
one may determine the minimum AV needed at perigee to reenter. Naturally, 
these reentries would have flight-path angles near 00 at 400 000 ft, 
and the AV needed to achieve such a reentry would be the minimum AV 
needed to be assured of reentry capability from anywhere in the orbit. 
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(k)Flight-path angle and velocity for retrograde AV = 2100 feet per second. 
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Figure B.- Reentry paramdtexs as a functiOn of true anomaly of retrofire from various pitch angles for 80/6000 nautical tiles orbit 
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(b) Time from retroffre and central angle for retrograde AV = 100 feet per second. 
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Figure 10.- Reentry parameters as afunction of true anomaly of retrofire from various Pitch angles for a1001300 nautical mile orbit.
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Figure 12.- Reentry parameters as afunction of true anomaly of reotofire from various pith angles for 100/800 nautical mile orbit. 
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Figure 13,- Reentry parameters as a function of tre anom~aly of retrofire from various pitch angles for 100/1000 nautical rmile orbit. 
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Figure 14,- Reentry parameters as a function of true anomaly of retrofire from various pitch angles for 100/2000 nautical mile orbit. 
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Figure 16,- Reentry parameters as a function of trueanomaly of retrolire from various pitch angles for 100/6000 nautical mile orbit.
 
288 1 1 F 11360 : : 1 1i 1 it 1 1 
A I IIII I i 
256 .1320 
244 
244 angle on -ic 
12 280 
-
-Pitchlngle,P,de_ 
IlanopH+g 
_4 
I I 
IdII 
9­
- -Pi--tchI -- - I4T I E 
- -
ca 2 
9I 
-
- -2 
16 0 - - ­ - ­ -20S00- - -
F128 160 
- i­
120 
-:ci: --------- -
-------- - - - - - :m±it0z 
0 40 80 120 160 200 240 280 320 360 0 40 s0 120 160 200 240 280 320 360 
True anomaly of retoolire, 0 TR' deg True anomaly of retiofire, 
0 TR' deg 
(b)Time from rere and central angle for retrograde AV=100 feet per second. 
Figure 16.- Continued. 
"0 _ 32 400 
-122 Oh, i t 
-- - - - - - 31 600 l 
16-- --i-- -i- I I-3 
•3 
0-- -- -
: 20 
:-
52
0j 
30 800 
S-30000 
25-284- ---
-36 --­
- -
t 
-
?.30000 
----------­ i 29 600 . -
-2 
- - -~Ti - - - - V,20I I llIi I 1 
-40 0 40 80 120 160 200 240 2B0 320 360 288000 40' 80 120 160 200 240 . 280 320 360 
True anomaly of retrofiye, 9TR' doe True anomaly of retrofire, GTR' ddg 
(c)Flight-path angle and velocity for retrograde AV 500 feet per second. 
Figure 16.- Cont nued. 
288 1 111 1 1 1 I T I I I I'- 360- T 
256 
224 
192 
Pitch angle, P, deg 
11111240 
u25I AMPlnc I: 320 
280- -
angle, P,deg-
- -
5 
i 
--I 
_ 
-
c160 
---­
200 
128 . . . . . . . . -... . . 160 
96 
120 
64 
80 
)40 322 
TFTS 
0 40 80 120 160 200 
True anomaly of netrofire, 'TR, 
240 
deg 
280 320 360 0 40 so 1 0 160 200 
True anomaly of retrofire, 
240 
0TR' deg 
280 320 360 
(d) Time from retroflre and central angle for retrograde AV = 500 feet per second. 
Figure 16.- Continued. 
--
0 32400i' 
4 I I e [
PitchYa;;91, p: I g, 32000 iiz : I 

I I - 1
II ' I I 

-8-- v [-1-7 
j : >7 1 '31200: I-:
"i 31 200 - - ­
. 
-1 6 -' 
m l30800--­
-20 0zo 
-- - - 3 0 4 0 0 - -: : 0 
4000
 
_.30 
-28 
-- 2 -- , 2 9 6 0 0
 
-36 i29 20 - ­
- -. _-- - - - - - ­
-40 02 28 800 j

0 40 80 120 160 200 240 280 320 360 0 40 80 120 160 200 240 280 320 360
True anomaly of retrofire, GTR'deg dTre anormaly ofiretrofire, gTRWog 
(e) Fligit-at angle and velocity for retrograde AV=900 feeLper second. 
Figure 16,- Continued. 
288 
56 - -­
° 
20­
tll 
20oI t I--III' 
,360[ 
-I-Nde 
224 -280 - 40 
.192 240 
o 160 
aPitch angle, p,deg -- -S 128----------------------------------------------­
- - - - - - -
200 
- - - - -- - - - - - - -
64 80 
32 40 
0 40 80 120 160 200 
True anomaly of retrofire, 'TR' 
240 280 320 360 0 40 80 120 160 200 
dog True anomaly of refrofire, 
(f) Time fromretrofire and central angle for retrogradeV=9 00 feet per second. 
Figure 16, Contlnued. 
240 
TR' deg 
280 320 360 
H­
,MJ 
- --- ---
- -
---
0 o, , _ _ 32400[ i 10 50 PI 1 g11 ,3,do 
-- ,b . I I[ I ,o + ­/ H 2 12
-4 \\\3001 I- I-
-11IIII irIIm II III 32 000 
I \ N IILI..II D
 
- 8 VI 3 1 2 00i-K- - - - - -2­:12 JI~ - :z:- - -32o --­
-161 - - - 0 - -:- -- -- -- -- -- -- -- - -­
-
1 - ­
00 a t 0 O-
-20
 
= 24B - - - - - - - - - - - - - -H­3040- - - ­
-- 1- ifL_oo lOI 50 1 
2904'--- ~ -w--r -2
 
-36 I29 200 - ---------
0- IT~ 
-4 0 - - I- -- -- --- -- ­2800
 
-40 

0 40 80 120 160 200 240 280 320 360 0 40 80 120 160 200 240 280 320 360
 
True anomaly of retrofire, 0R, dog True anomaly of retrofire, %R' dog 
(g) Flight-path angle and velocity for retrograde AV = 1300 feet pet second. 
Figure 16.- Continued. 
288 1 1 13601p1 1rTT-F-1 36 : 
256 10 Pitchanole, ,deggede 
224 280 
192 240 
C160 
=.128 
10 
0i 
"CPihangle, deg'­
-
--------
Picai9ePdw--------------------
-- ­--I 
2-4 
16020 
--
-- - - --- -- ­
4 
-0 
42O-
- -
- - - - - -
- -- -- - - - - -
------------------------------------------------­
64- - - - - - -
R 01 
- -
d 
=8 -----------­
-
0 40 80 120 16D 200 
True anomaly f retrofire, 
240 280 320 360 0 40 80 120 160 200 
TR' d g True anomaly of retflre, 
(h) Time from retrofire and central angle for retrograde AV = 1300 feet per second. 
Frgure 16.- Continued. 
TR 
240 
deg 
280 320 360 
H 
0 32000:::32400 
-4 30 5- ichk P q-,dgI [ IItiitr::- -I 000 t{.i2. 
_ [31600 
R-31 200 
-2oJ 
16 
o_[-:30800 
I MItI 
~1 ~ 
/ 
-F: 9 :30400 -~ K:::-i:>-
-24 - -1 
t30000:::-::.4 
30 
- 229 600 
-36 
_~ic -I- 29 200 K_ f d~-n 
-40 0 40 80 120 160 200 240 280 320 360 2800 01080 40 80 120 160 200 240 280 320 360 
True anomaly of retrofire, 0 TR' deg True anomaly of rebtofire, 9 TR' deg _ 
() Flight-path angle and velocity for retrograde AV=1700 feet persecond. 
Figure 16.- Continued. 
288 
256 
224 
- -
28 ~ 1 1 I 
: 
360 
HPitchangl,pdeg ~ I. I I :I II: 
32 0 
10 wl::::c: : i: ' 
280 
192 240 
o160 - PItch angle, P, deg -2! 200 
128 40 -160 
96 
- - --- --- -- - ­
120 
- ------------------- -
64 
-------
-:--1---------------------­
--------------------------------------------
40 
-N 
I :z:: 1_ 
0 40 80 120 160 200 240 280 320 360 0 40 80 
True anomaly of retrofIre, eTR, deg 
Q])Time fromretrofire and central angle for retrograde 4'f-1700 feet per second. 
Figure 16.- Continued. 
120 160 200 240 
True anomaly of ratroflre, 9 7R' deg 
280 320 360 
H 
U, 
32400 
',. 
Ii 11 I 
. 4 
ii 
I .:(:-12l 
Pic an___e300 
w 
-':-
-0 
"P:1±?nle:N-
_31200 
I 
- Ti.j.jiiii:{ 
o 308000 
a I040 
I. 
iT 
I f 
ii 
. 
o 3 
o -36 
1 
II II 
- - .. 
-32 
-29l600 
U9 E 
..-. 
: 
0 
Pitch angeitha.lpgo­
"400 40 so 120 160 200 
True anomaly of retrofire, 
240 
deg 
280 3 0 360 2 'O80 40 80 120 160 200 240 
-TR,True anomaly of eterofr'I,GTR, deg 
280 320 60 
(k)Flight-path angle and velocity for retrograde AV =2100 feet per second. 
Figure 16- Continued. 
-- I-360 
Pitch angler 0deg- . 
320
256 - -L._ 
di280-I
224 
 [30 
192 240 1- 1-

Ei U 
160 200
 
_q Pich angla,dag
 F160
228 0 ... 
201200
96
 
p­
-- 80
 
641m
 
32 N; 40
 
80 120 160 200 240 280 320 360
 0 40 80 120 160 200 240 280 320 360 0 40 
 9
9
True anomaly of retrofire, TR' deg True anomaly of retrofire, TR' deg 
(I) Time from retrofire and central angie for retrograde AV = 2100 feeLper second. 
Figure 16.- Concluded. 
',H. 
_32400 ! I­
-4 32 00
-20 U.20-­
- : - - 312600 ! 
1 -tl-2z8-
-831 
-
600 
320000-
1 
I 
~ i 0 i 
-20T 200 
o 04 008,0 
0 
-32- 1 
6 
T- th 
41 30 00 4 
29002­-9j"-'#I 0 
True anomaly of retrofire, 0TR, deg True anomaly of retrofire, DTR' deg 
(a) Flight-pa b angle indvelocity for retrograde AkV=100 feet per second. 
Figure 17 .- Reentry parameters as a function of true anomaly of rebroFre f'rom various pitch angles for a 1.00/1000 nauLtical mile orbit. 
288 . .. I 0I I I I 
256 
224 
- --
- 0.--
4 -
11~ 
-20-- -
+--+-+--­
-- --
--
-- -
----­
- 320 
-1320 
280 Pitchang le, d Tl 
19224 
192 
028 060~ -+--+-0-+­
- -
E 
1 1V\ 
-­
-­ -6 S 
64296 --­ : 6120::: INNIS, 
V 
-­
0 I 40 80 120 160 200 
True anomaly of retrofire, OTR' 
240 280 320 360 0 40 80 120 160 200 24l 
dog True anomaly of reroflre, eTR, des 
'(b)Time fromretrofire andcentral angle for retro'gradeA'V ="160 feet persecond. 
Figure 17.- Continued. 
280- 320 360 
H" 
O-­
R) 
0 ch Pugi -angler 3z 000 Piteg de 
2 
-4 
-I 
-- T
------
I [ 
i I I I t 
Vt pic n IN on 
-20 
-
------­
- 30800 
3-20 
-16 - - . 0000 
-32 
-
I1I290 
:: :-- ::- :1-:29 
......- ... ----- -3 
200 : 
0 
o 40 80 120 160 200 240 
True anomalyof retroflIre, 9TR, dog 
280 320 360 28BO0 40 80 
{c;)FIght-pail, angle andvelocity Forretrograde A.V= 500)feet persecond. 
Figure 17.- Continued. 
120 160 200 2'40 
True anomalyof retrof ire, 0TR, dog 
,280 320 360 
- - -
360 T - :288-
-
Pitch an91e, pdeg
 
- -320 Pitch n91e, de9

-256 
--28 ­
-. 

-
-
-224 4-0 : :2. - 0 . . ---­192 i V24110 
2250--

-&-I---::------ 4 0
-v~~~~ 
, ­
- 200---------­160 
 II 
- - - --
- - - -I-­
0 2C --- - -16 
-i --- - --

E --- - - ­
8
64 - ---- - 1-2­
- -
-11
- -----------
1:: ­32 --- - - 4) - ------ - -­
0 40 80 120 160 200 240 280 320 360 0 40 80 120 160 200 240 280 320 360 
True anomaly of retrofire, 0 TR' degTrue anomaly of retrofir.e OTR' deg 
(d) Time from retrofire and central angle for retrograde AV = 560 feet per second. 
Figure 1.7.- Continued. 
LO 
0o._ 32400
I 
1 IP--iP--hh angangle, g 
7

___ 
__ 
310---------,--
-8u i 

I, A- ":ru160 
NN\xN\ 32 00 
-
31 200=.:1~~ 
-4 s0800 
Pic 
-20 .. [[i g7~ 
--- I3000
 
29 600

.12I 
129200
 
- 28 800

-4I 
0 40 80 120 160 200 240 280 320 360
 0 0 80 120 160) 200 240 230 320 360 

0 
True anomaly of rotrofiro, 9 TR, dog. True anomalyofretrofire, TR' deg
 
Ce)Eight-path angie andvelociy for retrograde A V= 900 feet persecond.
 
Figure 17.- Cntinued. 
288 
256 
224 10= 
1 1 1I 1n m-t 
Pitc angle, p? I 
- -
-- V± 
ttt 
-
III 
---- -
L2:It t -­
-[f 
" 
360 
280 
-
I I I-
Pitch angle, P, deg 
: 
1 
I I 
J -I6­ -l-­
i-i---0 
:-
-- • 
192 
, 0 
o 160 
,- --­ 0 
240 
200 
2 
- -
-9 ­
-
I-'--- - --­ _ 
-+­
'I 
o 128 - -­ 160 -. -°-. 
96 120 
-------- - -
-
64 - 800 
32 
-
4 
40-- ----------- - - ------­
0 40 80 120 160 200 
True anomaly of reLrofire, 
240 
0TR' deg 
280 320 360 0 40 80 120 160 200 
True anomaly of retrofire, 9 TR' 
240 
deg 
280 320 360 
(f) Time from retrofiro and central angle for retrograde AV = 100 feet per second. 
Figure 17.- Continued. 
Hj
 
HON
 
ON
 
oIr 
-~~ 20 3 0 ,1 PItch angle,pdg­
-.01102'-~ .~.II.... 
R ~ I I 
1 
32400 
2 0 
1 il lihM 
>- -12 
4\ \: I 
N\N 
: ::8 
I t 
; ; 
31 600 
31200 
-16- - - - ­ g z :: : N30800 
-24 
28 
-­ 1-
x 
-8-
)1 -
1 
304000 
29 600 -
-32 
-16 
[­
-- i 
,tI" 
-
-- - i 
29200 
-40 U"'28t800 
o 40 80 120 160 200 
True anomaly of retofIre, 
240 
TR deg 
280 320 360 0 40 80 120 160 200 240 
True anomaly of retrofire, 0 TRr deg 
280 320 360 
(g) Flight-path angle and velocly forretrograde AV = 1300 feet per second. 
Figure 17.- Continued. 
---
288 
256 
1 1::] 1 1 1 1 
t 
Finsh age, , deg 
ZL1 
I IiFIII--Pi -tc-h 
-
.9' 
360 
320 
ange,de 
2 
-
- -.­
- 1IL111L1:AL 1 
224 - - - 280 -
192 -::240 
co 
160 
12812-
- -
IL 
E, 
0 
160 
-- ­ -
----
- -­
-
-
-. 
4- 9 ------------------------------------------- -120-2 
--­
64 - ­ - 80 
32 - ­ - 40 
0 40 80 120 160 200 240 280 320 360 0 40 80 120 160 200 240 
True anomaly of retrofire, TR deg True anomaly of retrofire, 
9 TR' d'g 
(h)Time from retrofire and central angle for retrograde AV = 1300 feet per second. 
Figure 17.- Continued. 
280 320 360 
I",

ON' 
-- - -
O\
 
Co
 
- 32 000 
-4-L - I : -j:-f -- II
 
-8:, 
 31600
 
-112,,31 
 20D - ­
-16 
C7 
c 30800--­
0 
a -20 
- A. 
_4 3400
 
30000
 
-28 
-=29 600 - - - - - ­
29200

-36 

28800 ,
-40 
0 40 80 120 160 200 240 280 320 360 0 40 0 120 160 200 240 280 320 360
 
True anomaly of retroflre, GTR' deg True anomaly of retrofire, 0TR' deg
 
(l)Flight-path angle and velocity forretrograde &V= 1700 feel per second. 
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Figure 18.- Reentry parameters as a function of true anomaly of retrofire from various pitch angles for a 125/300 nautical mile orbit. 
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Figure 19.- Reentry parameters as afunction of true anomaly of retrofire fromvarious pitch angles for 125/600 nautical mile orbit. 
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Figura 20.- Reentry parameters as a function of true anomaly of retrofire from various pitch angles for a 1251800 nautical mile orbit. 
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Figure 21.- Reentry parameters as afuntton of ,lue anomaly of retrofire from various pitch angles For 125/1000 nautical mile orbit. 
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Figure 22-
(a) Flight-path angle and velocity for retrograde AV = 100 fet porsecond. 
Reentry parameters as a function of true anomaly of retrofire from various pitch angles for a 125/2000 nautical mile orbit. 
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(c) Flight-path angle and velocity for retrograde AV = 500 feet per second. 
Figure 26.- Continued. 
108 360: 
96 - -320 
84 280 
72 
060 
60 - - -
-
E 
240­
aoo0 
-1 L-~-II 
LIL1-[ 
)O-Pithangle, P, deg-­
------­
- - -- - --
V 48 
36 
24 
i 
1 
0-Pitch angle, pd,d 
- -sz.II: 
40 80 16 
-II 
20 -2 
l0 
-428 
- - -
-
32 - ­
-
zI 
36-0 
-
160 
120 
80 
-
10 
4 
-
i 
-
- -
- -
- - -
I 
- -
----­
12 -e 40 
40 80 10 10 20 24 
True.anomaly of retrofire, OTR, deg 
280 320 60 4 80 120 160 200 240 
True anomaly of retoire; OTR, deg 
. 280- 320 360 
(d)Timefrorf retrofiro and central angle for retrograde AV = 500 feet per second. 
Figure 26.- ContInued. 
4= 
(0 
0 
-
27400 
27 200 
-2 
3 
-,--
-­
- -- I 
27 000 
2-8o 
5 26800 
0 
-
-264000 
-7 
-8 
0 2 6 26 000 
25 800 1ti6 
0 0 O 20 60 200 
True anomalyof retrofire, 
100 
20 
TR, dg 
20 320 360 540 40 
(e) Fligi1t-path angle andvelocity for retrograde A-V= 700 feet 
Figure 26.- ContInued. 
80 1.20 1.60 200 
Trueanomaly ofretrofire, 
per second. 
40 
Tf' dog 
280 20 60 
108 360 
96 -320 :-L3201L 
84 280 
- - - --- - - - -- ­ - --­~- ~ - I I i t j II I 
24 - - -
72'-240 
- -~ JE -----
Q60 8E 200 
48 160 -f-l­
36 0 5. .i.h.n.e. ... 120 
1 0 - - - -1-- - - -
m51-pi angle, 1, eg 
24 
YE 4-50> 
80s 
+I4 115 
12 40 
0 40 80 .120 160 200 240 280 320 360 0 40 80 120, 160 200 240 280 320 360 
True anomaly of retrofire, R deg True anomaly of rerofixe, OR deg 
() Tlime from retmflre and central angle for retrograde AV = 700 feet per second. 
Figute 26.- Concluded. 
I
 
-T -r274000 

- -O--0 - 27 200
 
-2 27 000 ---- ­
.26800
 
§-4
 
S 2600.&3 
-10 40 80 120 160 200 240 280 320 360 0 40 80 120 160 200 240 280 32;0 360
 
Trueanor~lyofeTrue etroire 0 T' ornanraly 9TR' deg
dg of retitfire, 
(n} Filgit-poth angle andvelocity for retrograde AV = 300 feet Ipersecond.
 
Figure 27.,- Reentry parameters For150/600 noautical mile orbit.
a a function oftrue anomaly of rebOfire hore various pitch asngies 
96 -­
84 -- -- - -i--- -280 - _-
72 240 
60 200t-n-e-. - --
S 48 - - ­ - ­ -160 - - ­ - ­ - - - ­ -- - ­ - ­ -
36 120 - - - ­ - ­ - -
24 - -­ 2s 
i2 
0 
-- - -
40 80 
gH - ­ - ; 40 
120 1j60 ZOO ,240 280 320 360. 0 40 80 120 160 200 
True anomaly of retrofire, e TR 
, 
deg True anomaly of rmtm~lre, 0-Tk, 
(b)Time from retrofire and central angle for retrograde AV = 300 feet per second. 
Fqgu c 27,- Continued. 
240 
deg 
280 320 360 
N) 
0 
-2 
-1 
0 
Plohngedeg 
-j---
40L -
50-
p[ 
- - -
OX 
- --
-
-­]::: 
-
I 
-
1-
-
-I 
- ---
-
274400 
272 
27 000 
0 
-
-1- - - - - -II -7-40. 
- 266000 - -
oo-6-4 - - - _ _ - ---­ --0 - 26400 a~ n f~ , e 
-
-26 00 
2!5 800 
- - -­
-9 -- --:25600 
-I0 -i 
0 40 20 120 160 200 240 
True anomaly of retofire, OTR' deg 
280 320 360 
25 400 
0 40 so 120 160 200 240 
True anomaly of retrofire, GTR 
, 
' eg 
280 320 360 
(o) Fllght-path angle andvelocity for retrograde AV = 500 feet per second. 
Figure 27.- Continued. 
96 320 
84 
7Pic gud 
72 
, , g - - -- - 280 
240 
- 2 01 
60 
S--4 
0 
203 40 
602 0 
200 
- -C- - - -
6 1 - # - - - - - - - - - -
- ---
40K#O402 
24 - - ------­
12 -
48ur 
- --- -
C.O 
260Cnnud 
-40 
0 40 so 120 160 200 240 280 320 360 0 40 so8 120 160 200 240 280 320 30 
Truo anomialy 9F rotsoflro, 8 TR' dog True anomaly of retinifire, 0 TR' dog 
(d) Time from retrofire andcentral angleo = 500 feet DerSecond.for retrograde AV 
Figure 27.- Coninued. 
U0 
) 
0o 
-Pitoh ang e,p~e - - -­ 27400 
.2 
i 
2,030 
', \V27 
GIIIII/ 
27200 
000 
-3 s7 266800 
c 
c 
-4 --
--
- - -> 
-- -- --
- -
2660oo00 
-
26 400 
Ca -a­
7-
4--- =-\ \ I 
-- - -- -
-
--
- -_ 
- -
-
i 
2600 -
-8 25 800__ 
-9 - - -- - ­ - - - ­ - - ­ 2 5 60 0 ---- - - -­
1 40 80 120 160 200 
True anomaly of retrofire, 
240 
T,71dog 
280 320 360 25400 0 40 80 120 160 200 240 
True anomaly of retroflre, 0TR, dog 
280 320 360 
(e)Flight-path angle and velocity for retrogradoAV 
Figure 27.- Continued. 
700 feet persecond. 
--
- -- 
- - - - - - - - - -
- - - - - - - - - - - - - - - - -
- - - - - - - - -
-
108 360 
96 -'320 
84 - - -- - - -280 
72 - 240
 
--- Plicloangle, I ,,eg- --------------- -- - - ----.-­
c,6 200 
4 ­ - - 160-0 0 
.-IsI 
4 8 fl-- - - -- - - ­2 -- -* - 160 - .j- < 
-~~2 
i - - - - - - -- - - - - - ­
- 120 
E ­
- - --- -- -. 
-I 4 ----------
-24- - - - - - _1L r
 
1--------------------------------- ZZ 40 --­
_ M: - - - - - - - - - - - ­
0 40 80 120 160 200 240 280 320 360 0 40 80 120 160 200 240 280 320 360 
True anomaly of retrofire, 9 TR' deg True anomaly of retrofire, 9 TR' dog 
METime fru, retrofire andcentral angle for retrograde AV = 700 feet Ir Second. 
Figure 27.- Concluded. 
0 !!!!274o00 
-1 PRO agle, do 27200 
-2 - - N:: / :Pitch27 000 angle,pde­
-3- - - 2 6 8 00 
o2 o26600 
26400 
- O- I1 0-­
-6 :26200 
0-7 0-  - 1 1 4 2 26000 
.a 
- n a -I- 25800 
9 
-0 
0 
-
------
40 80 
28.- R a a n o t a o - r-ron 25 600 v 
- -- - - - - - -I- - -
25 4006- 16"00 20120 160 200 240 280 320, :360 40 80 10 10 20 24 
True anomaly of retrofire,"TR'deg True anomaly of retroaine, TR'deg 
(a) Flight-path angle and velocity forretrograde AV 3 00 feetper second. 
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(b)TIme from retrofire and central angle for retrograde AV = 300 feet per second. 
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FigurO 30.- Reentry parameters as a function of true anomaly of retroRre from various pitch angles for 150/2000 nautical mile orbit. 
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Figure 33, Reentry parameters as a function of true momaly of retrofire from various pitch angles for 100/10 000 namtIcal mile orbit. 
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Figure 34,- Reentry parameters as a function of true anomaly of retrefre from various pith angles for 20/3 0 nautical mile orbit. 
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Figure 34.- Concluded. 
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Figure 35.- Reentry parameters as a function oFtrue anomaly of retrofire from various pitch angles for 200/400 nautical mile orbit. 
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Figure 35, Concluded. 
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Figure 36.- Reentry parametems as a function of true anomaly of retraffirs from various pilch anlgles for 200/600 nmuticai mile orbit. 
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Figure 37 .- Reentry parameters as a function of true anomaly of retrofire from various pitch angles for 200/800 nautical mli orbit. 
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Figure 37.- Continued. 
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Figure 37.- Concluded. 
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Figure 38.- Reentry parameters as a function of true anomaly of retrofire from various pitch angles for 200/1000 nautcal mile orbit. 
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Figure 38.- Continued. 
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Figure 38.- Concluded. 
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Figure 39.- Reentry parameters as afunction of true anomaly of retrofire from various pitch angles for a200/2000 nautical mile orbit. 
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Figure 39.- Continued. 
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Figure 39- Concluded. 
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Figure 40.- Reentry parameters as a function of true anomaly of retroire from various pitch angles for 200/4000 nautical mile orbit. 
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Figure 40.- Continued. 
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Figure 40.- Continued. 
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Figure 40,- Concluded. 
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Figure 41.- Reentry parameters as a function of true anomaly of retrofire from various pitch angles for 200/6000 nautical mile orbit. 
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Figure 42.- Concluded. 
'63 
'CO
 
7000 0 
6000 
- --- IPitch angle,80, dog 
4000 
S3000 
4000 ...... IL L 
2000 
0 1000 2000 3000 ,40QO 5000 6000 - 7000 '8000 9000 3.0 000 
(a) Perigee altitude 80 nautical miles. 
Pigure 43.- MInimum tV necessary to reenter frm perigee as aFunction of apogee altitude. 
7000 . . -I 
':4 . f. I':
 
6000 
 Lv!-'6000 1
 1 0
 
-- ic angle,-p, deg 
t.4- -{It: 
5000
 
Ct 
3000
 
0000 2000 3000 4000 5000 6000 7000 8000 9000 10 000
 
Apogee altitude, hat n.mi.
 
(b)Perigee altitude 100 nautical miles. 
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